The ability of a hydrological model to reproduce observed streamflow can be represented by a large variety of performance measures. Although these metrics may suit different purposes, it is unclear which of them is most appropriate for a given application. Our objective is to investigate various performance measures to assess model structures as tools for catchment classification. For this purpose, 12 model structures are generated using the SUPERFLEX modelling framework, which are then applied to 53 meso-scale basins in the Rhineland-Palatinate (Germany). A best performing model structure obtained through the SIS can be used as basin classifier.
INTRODUCTION
The selection of an appropriate model for a basin critically depends on the basin characteristics and its dominant runoff processes. This inevitably leads to modelling approaches that recognize the different charac- )), hydrological performance measures (e.g. Nash and Sutcliffe Efficiency (NSE) (Nash & Sutcliffe ) ; volumetric efficiency (Criss & Winston ) ), performance metrics that are derived from flow duration curves (FDCs) (Yilmaz et al. ) and other hydrological signatures (e.g. Westerberg et al. ; Coxon et al. ) . The assessment of model performance may be conducted using these metrics in isolation or combined in a single objective function (e.g. Kling et al. ) . Alternatively, these metrics may also be used simultaneously in a multi-objective framework The aim of this study is to test the appropriateness of statistical performance measures, hydrological performance measures and performance measures derived from the FDC to identify a best performing model out of various calibrated models for 53 basins with a view to basin classification.
Basins that are characterized by the same model structure may build a class of similar basins. The structures of these models are generated within the SUPERFLEX modelling framework, which facilitates model development and enables controlled model comparison (Fenicia et al. ) .
STUDY AREA AND DATA
The study area consists of 53 small to medium-sized gauged basin areas in Rhineland-Palatinate (RLP), Germany ( Figure 1 and Appendix 1 (available in the online version of this paper)). The basins lie in low mountain ranges of the Rhei- 
METHODOLOGY Model structures
The SUPERFLEX modelling framework can be used to perform model comparisons through constructing models that • Root mean square error (RMSE)
2. Hydrological performance measures:
• NSE (Nash & Sutcliffe )
• Modified NSE (without squaring values) (Krause et al.
)
• Index of agreement (Willmott ) • 
)
• Volumetric efficiency (Criss & Winston ) 3. Performance metrics from the FDC:
• SIS: combination of four performance metrics: The SIS is calculated as follows:
(1) Calibration of all model structures on all catchments, and calculation of the four signature indices x sia (where s indicates the structure, i indicates the catchment, a the type of signature index, and x its value).
(2) Calculation of the absolute value of each signature index jx sia j (since the sign is irrelevant, the absolute values treat under or overestimation equally).
(3) Calculation of the standard deviation σ a and the mean x a of jx sia j for all i and s.
(4) Calculation of the standardized values (z-score); Equation (1).
(5) Combining the standardized values; Equation (2).
The sum of the four standardized signature indices of one model for a given basin describes the deviation for the entire FDC and therefore the performance for a particular model and basin. The lowest SIS value for a given basin identifies the best performing model for this basin. Therefore, the NSE is chosen for further analysis. (). Hydrological differences in the respective study areas could attribute to this, but it may well be that limitations in parameter space in the French modelling exercise cause the differences. for structures 4, 5, 6, 7, 9, 10, 11 and 12 and poor NSEs of The SIS (Equation (1)) indicates an overall performance for a single basin. Negative values point to an above average good performance and the lowest value identifies the best performing model. Figure 9 displays the signature indices of the three gaging stations Weinähr, Seelbach and Wernerseck, listing the sum of the SIS and NSE as well. In contrast to the NSE, the SIS identifies one model as undeniably best performing. As for the NSE, the model structures 4, 5 and 6, 9 and 10, and 11 and 12 often have minor differences between their SIS. In these cases, the simpler model structures (4, 9, respectively, 11) are set as best performing.
From Figure 9 the following can be observed:
• For the gaging station Weinähr (basin size 215 km 2 ), the model based on structure 7 has the lowest SIS, which is due to a very low divergence from the observed FDC for high and mid runoff and a moderate divergence for low flow. Only the very high flow (FHV) shows a considerable bias, which is weighted lower by standardizing the biases for SIS.
• For the gaging station Seelbach (basin size 193 km 2 ), the model based on structure 4 has the lowest SIS. The models based on structures 7 and 12 show a slightly better NSE, which is caused by lower biases for FHV and disregarding better adaptions for the high and mean part of the FDC.
• and their less complex counterparts 9 and 11, respectively: the gain in performance for these models (i.e. 10 and 12) is only marginal when compared to the performance of the less complex ones (i.e. 9 and 11). Therefore, the less complex models are preferable as catchment representation.
Although single indices indicate a very good performance for special parts of the FDC, the SIS recognizes the overall performance with a compensation of extreme values and considers equally all parts of the FDC to describe the overall performance. Furthermore, the SIS value allows evaluating the similarity of the performance of different In hydrology this means that experience of above ground phenomena shape the expectation of the hidden sub-surface processes (Hellebrand ) . Basin classification with hydrological modelling requires further research, where a larger number of model structures need testing to find optimal structures. However, to prevent the conception of 'perceptual best bet' models (i.e. models that are based upon our unobserved perception of the sub-surface), it would be of interest to automatically generate model structures by means of genetic programming, which would provide the modeller with new and unthought-of structures (hypotheses) that can be tested. 
